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TOUGHENED POLYMER BLENDS WITH IMPROVED SURFACE PROPERTIES 
BACKGROUND OF THE INVENTION 

The present invention relates to a polymeric blend of a syndiotactic monovinylidene 
aromatic polymer and two specific polyamide polymers. 

Blends of syndiotactic monovinylidene aromatic polymers, such as syndiotactic 
polystyrene (SPS) and polyamides, commonly known as nylon, are known in the art, having 
excellent impact and heat resistance properties. Typically, these types of blends are toughened 
using various rubbery polymers. For example, US-A-5,395,890 issued to Nakano et al. discloses a 
resin composition containing SPS, nylon and optionally a rubbery block polymer. Additionally, 
US-A-5,219,940 discloses SPS and polyamide blends, optionally containing block or grafted 
rubbers. US-A-5,270,353 discloses blends of SPS with nylon toughened with block and maleated 
block copolymers. US-A-6,093,771 disclosed blends of syndiotactic monovinylidene aromatic 
polymers and polyamides of relatively low molecular weight (high viscosity number). Numerous 
polyamides as well as mixtures thereof were disclosed as being suitable for use in such blends. In 
the field of fiber production, blends of nylon 6 and nylon 6,6 have been previously employed in 
order to produce fibers having improved crystallization kinetics, draw properties and/or dye 
acceptance, 

A problem with the foregoing resin blends is that in order to obtain molded articles having 
smooth surfaces that accurately reproduce the surface features of the mold, it is generally 
necessary to employ mold temperatures that are above about 150°C, necessitating the use of a 
non-aqueous heat transfer fluid to control the mold temperature. Otherwise, the surface features 
of the resulting molded article are poor, resulting in articles having rough surfaces and poor 
reproduction of mold details. Molding equipment designed to operate at higher molding 
temperatures is generally more expensive to purchase and operate than equipment that operates at 
lower molding temperatures. In addition, a greater risk of personal injury in the event of 
equipment malfunction or cooling line rupture is also present when operating under the above 
described more extreme processing conditions. Accordingly, there remains a need for 
SPS/polyamide blend compositions that may be utilized under less rigorous molding or film 
forming conditions yet produce acceptable surface properties in the resulting molded parts. In the 
field of fiber spinning and yarn formation, it is desired to produce fibers having improved hand or 
texture as well as spinability. 

SUMMARY OF THE INVENTION 

The present invention is a polymer blend comprising: 
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a) a syndiotactic monovinylidene aromatic polymer, 
bl) nylon 6,6, 

b2) nylon 6, nylon 6/6,6 copolymer, or a mixture of nylon 6 and nylon 6/6,6 
copolymer, and 

c) a compatibilizer able to impart improved adhesion between components a), bl) 
and b2). 

Additional components of the present molding composition include one or more optional 
compounds selected from the group consisting of rubbery polymers, toughening agents, 
compatibilizers, nucleators, lubricants, softeners, fillers (including conductive fillers and fillers to 
improve surface plating properties), reinforcing aids, blowing agents, ignition resistance additives 
(including flame and drip suppressants, smoke suppressants, and char formers), stabilizers 
(including heat and light stabilizers), antioxidants, extrusion aids, mold release aids, anti-blocking 
additives, dessicants, colorants, and dyes. 

The foregoing blends are better suited for use in preparing moldings having good surface 
smoothness and mold reproduction properties while operating at lower mold temperatures 
compared to previously known blends of a syndiotactic monovinylidene aromatic resin and a 
polyamide resin. In addition, such blends are highly suited for use in forming films of improved 

smoothness for use as packaging and printing substrates and for forming fibers having good 
surface properties under melt spinning conditions, especially at reduced spinneret temperatures 
and/or high spinneret throughput. Such fibers are highly suited for use in preparing yarns for 
carpet, roving, and woven or non-woven cloth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph of the surface roughness of articles prepared according to Example 1. 

DESCRIPTIO N OF THE PREFERRED EMBODIMENTS 

As used herein, the term "syndiotactic" refers to polymers having a stereoregular structure 
of greater than 90 percent syndiotactic, preferably greater than 95 percent syndiotactic, of a 
racemic triad as determined by 13C nuclear magnetic resonance spectroscopy. For purposes of 
United States patent practice, the contents of any patent, patent appbcation or publication 
referenced herein are hereby incorporated by reference in their entirety, especially with respect to 
the disclosure of synthetic techniques and general knowledge in the art. As used herein the term 
"comprising" is not intended to exclude the presence of any additional component, step or 
procedure, whether or not the same is disclosed herein. Unless stated to the contrary, all 
percentages of components herein are based on total composition weight. 
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Monovinylidene aromatic polymers are homopolymers and copolymers of vinyl aromatic 
monomers, that is, monomers whose chemical structure possess both an unsaturated moiety and an 
aromatic moiety. The preferred vinyl aromatic monomers have the formula: H 2 C=CR-Ar; 
wherein R is hydrogen or an alkyl group having from 1 to 4 carbon atoms, and Ar is an aromatic 
radical of from 6 to 10 carbon atoms. Examples of such vinyl aromatic monomers are styrene, a- 
methylstyrene, vinyltoluene, t-butylstyrene, vinyl naphthalene, divinylbenzene, and mixtures ' 
thereof. Suitable mixtures specifically include mixtures of isomers of the foregoing compounds, 
especially isomers of vinyltoluene, including mixtures of p-methylstyrene and o-methylstyrene in 
any proportion, syndiotactic polystyrene is the preferred syndiotactic monovinylidene aromatic 
polymer. Typical polymerization processes for producing syndiotactic monovinylidene aromatic 
polymers are well known in the art and are described in US-A-4,680,353, 5,066,741, 5,206,197, 
5,294,685, and elsewhere. 

The Mw of the syndiotactic monovinylidene aromatic polymer used in the blend of the 
present invention is not critical, but is typically from 10,000 to 1,000,000, preferably from 20,000 

to 750,000. The method for measuring molecular weights of syndiotactic monovinylidene 
aromatic polymer components used in the present composition is by any suitable comparative 
viscosity technique using polystyrene standards. Preferred syndiotactic monovinylidene aromatic 
polymers have a molecular weight distribution (Mw/Mn) from 1.1 to 50, preferably from 1.2 to 
5.0. The amount of syndiotactic monovinylidene aromatic polymer present in the blend of the 
present invention is typically from 1.0 to 97.9 weight percent. For resins used for molding or film 
formation, the quantity of syndiotactic monovinylidene aromatic polymer preferably ranges from 
10 to 90 weight percent and more preferably from 15 to 50 weight percent. For resin blends used 
for drawing or spinning of fibers, the syndiotactic monovinylidene aromatic polymer content of 
the blend is preferably from 1 to 50 weight percent , preferably from 5 to 30 weight percent. 

Polyamides are polycondensation products of amine and carboxylic acid functionalized 
reagents or precursors thereof. Nylon 6 is prepared by the polycondensation of caprolactam, 
nylon 6,6 is prepared by the polycondensation of polyhexamethyleneadipamide, and nylon 6/6,6 
copolymer is prepared by the copolycondensation of a mixture of caprolactam and 
polyhexamethyleneadipamide. These polymers are all well known polyamides that are readily 
commercially available. The Mw of these three polyamides as used in the present invention is not 
critical but is typically from 40,000 to 60,000. Alternatively, the polymers may be defined by 
viscosity number, VN, which is determined by measuring the viscosity of a 0.5 weight percent 
solution of the polyamide in 96 percent aqueous sulfuric acid at 25°C (ISO 307 conditions). 
Suitable polyamides for component bl) and b2) are those having a VN in the range from 1.0 to 
500 ml/g, preferably from 1.5 to 200 ml/g, in particular from 1.75 to 150 ml/g. For fiber 
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formation, generally lower VN number resins are employed, especially polymers having VN from 
1.5 to 5.0. The polymers may be modified to change the normal distribution of chain end 
functionality if desired. Examples of a suitable nylon 6,6, nylon 6, and nylon 6/6,6 copolymer 
resins for use herein are Vydyne™ 50BW, Vydyne™ NA217, and Vydyne™ IF 75A, respectively, 
all of which are available from Solutia, Inc. 

The amount of polyamide bl) present in the blend of the present invention is typically 
from 1.0 to 97.9 weight percent. For molding resins, the quantity of polyamide bl) is preferably 
from 10 to 60 weight percent and more preferably from 10 to 50 weight percent. For resin blends 
used in forming films or fibers, the quantity of polyamide bl) is preferably from 0.1 to 30.0 
weight percent and more preferably from 0.5 to 25 weight percent. The amount of polyamide b2) 
present in the invention is typically from 1.0 to 97.9 weight percent. For molding resins, the 
amount is preferably from 4 to 15 weight percent, and most preferably from 5 to 10 weight 
percent. For resin blends used informing films or fibers, the quantity of polyamide b2) is 
preferably from 75 to 97.5 weight percent and more preferably from 80 to 95 weight percent. 
Desirably, the ratio of component b2) to bl) is limited to the range from 1/10 to 10/1. At higher 
contents of b2) in the blend, and lower ratios of b2)/bl), the heat distortion properties of the resin 
blend are sacrificed without appreciable additional improvement in surface smoothness. At lower 
contents of b2) in the blend, and at lower ratios of b2)/bl), surface smoothness of articles is not 
significantly improved. 

Component c) of the present invention is a compound that acts as a compatibilizer for the 
syndiotactic monovinylidene aromatic polymer and the polyamide components bl) and b2). 
Suitable compatibilizers are those wherein the resin blend demonstrates increased tensile or 
flexural modulus or strength compared to a blend lacking in such compatibilizer. Preferred 
compatibilizers are polymers having a functionality that is miscible or partially miscible with the 
monovinylidene aromatic polymer and a functionality that is miscible or partially miscible with 
the polyamide. Typically, the compatibilizer is a polyarylene ether or a copolymer of a 
monovinylidene aromatic monomer and a polyarylene ether containing polar group functionality 
and copolymers, including graft copolymers, of a monovinylidene aromatic polymer containing 
polar group functionality. Functionalized copolymers of monovinylidene aromatic monomers and 
polyarylene ethers are disclosed in US-A-5,270,353. Polyphenylene ethers are normally prepared 
by an oxidative coupling reaction of the corresponding bisphenol compound. A preferred 
polyarylene ether is poly(2,6-dimethyl-l,4- P henylene)ether. Polyarylene ethers are a known class 
of polymer having been previously described in US-A-3,306,874, 3,306,875, 3,257,357, and 
3,257,358. Preferred functionalized polyarylene ethers are prepared by a graft reaction of the 
polyarylene ether and a polar group containing reagent. The reaction is normally conducted at an 
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hon*geneous of ,he tatatf*, reagOT , Suiteble temptratares m wc 

Copolymers of monovinylidene aromalic monomers include block and random 
copolymers thereof ^ one or more ^ ^ 

derivatives thereof, andom or pseudo-random copolymers thereof with one or more olefins 
especially ethylene, and copolymers of rhe monovinylidene aromatic monomer and a ' 
poly^aolepolar^con.i^n.monomer. A preferred monovinylidene aromatic monomer 

10 Suitable polar groups include .he carboxylic acids, dicarboxylic acid anhydrides 

carboxylic acid halides, amides, sulfones, examines, epoxies, isocyanates, and amines, 'preferred 
polar group contatning reactants and monomers are compounds having up t „ 20 carbons 
containing ;reacti,e unsaturation, such as ethy.enic or aHpharic ring unsatu^on, aiong „i«h the 
^^"Ptoc«ona^^ 

15 drcarboxyUcacd anhydrides, most preferably maleic anhydride. 

an ydnde or fcamaric acid grafted polyphenylene ether/ styrene interpolymers; maleic anhydride 

M grafted ethylene/ styrene/ propylene interpolymers. 

Typically me amount of polar group functionalbdng reagent employed is from 0 01 

copolymer. The reaction may be conducted in the presence cfa free radical general suchasan 

polyarylene ethers have been previously described in US-A-3,375,228, 4.77X.096 and 4 654 405 

^^"fcon^aribilfatag^^ 
beneficnuly from 0! to 20 weigh, percen, preferably from 0.2 ,o ,0, more preferably from 0 5 u, 

^^'^Inaprefe^dembodimenuheconrpa^^isthesameasany 
compatibilizer employe, to improve compatibility between any optional rubbery polymer, fflier or 

-^^-^epolymermatrix • ^MUon, me comparibilizer c) may i„ par, or in total 
3^' ^ ^ coating applied to the outer surface of an optional filler or reinforcing agent or' 

Ana* 
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compatibilizerinthesolurinn. ,• • drably the concentration of 

in tne solution or emulsion is from 0.1 weight nercenf t „in • u ■ 
5 preferably 0.5 to 5 percent bv we,Vhf a* • Weight percent ' 

or vacuum drying. resuItin , w . . 6XampIe ' eva P or ^on, devolatilization 

.".pac, .mprovemen, by ^ ^ ^ -rfer 10 optmum 

optionally hydroeenaterf hl^t , J laymen include elastomeric, 

between ,he various J~ " -Prove adhesion 

forrnuianon as Wei: ^ ^ be inched in the 

Preferred elastomers, especially for impact modification^* 
3 monovinvlidene a m ma f , mooirication of the syndiotactic 

nylldenear0mabc P ol ymercom P o„entoftheblendofthe D re S en t ;nv 
include one or more domain W \u P invention especially 

*» 100,000 to 400 OOODaJtons 7" ? *" ^ ^ 

herein for domain tomi l , ° C We ' gh ' "*!»*' recifcd 

«=Hved from * peril 27 T ^ " ^ ^ ^ " ' "*"*« 

Terence, hel":::^ 

61396 ^^"^^^^^M-**™*. 
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g K( m « h,!r " ,e l>«"'«)copolymer S ofstyre 0 e a „dan,bbersucha S butadi e „eor 

The domain f om i„ g n,,,^ ^ compatibilizer between ,k 

Typically, such domain forming rubbety block copolymers will act as a compatibitiz£r ft the 
Jlymer contams a compatibly o f monovinylidene aroma* b oc k Z^y . 

compa to g amour,, wi,, be a, leas, 30 weight percent, „ at Ieast „ wej ^ j 
15 »*^°weig„,per^ 

P^blyat.east.Oweightpercentn.onovinylidenearomaHcbloc^ 
b^copolymerhavingiowermolec^arweigh, than the domain forming rubbery ^ 
"polymermaybeemployedfcas^^ ; 

rf altentadvely, a po.yolefin resin, especially a copo,yme, of ethy,ene and an a- 

Prrferreda.lefinshavef.omS^carbonatom, More preferred a.,e fi „TLfl 3t o 8 
carbonatoms. Exemplary comonomers include propene, Lbutene, Lpentene 4-1, 7: 

*. a-o lefin, one or more further comonomers, such as diolefins, ethylenically unsatutated 
~ M "" faherCha ~ ^ '-^^-^eof long™ 
cop^lyme. „f ^ suc „ M ^ eftyfen JJ™ 
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hexadtoeorchyteo^e. Grafted derivatives of the foregoing : „ 

08-0 r 7 8 V1SC ° S " ieS b6,WKn ab0 '" 100 a »1 500 SSU at 100'F 

oil employed varies from 0 01 to 35 nw„ ^ ° f eXtendin « 

tori9tw™5 j . "mu.oou to U.920g/cm3, more preferably from 0865 

to 0.915 g/cm3, and especially less than or equal to 0.910 g/cmS 

.ua.yernp^I :;:r ' ^.^'■"^ *— copolymers,. 

y mpioyed to refer to polymers prepared from two different monomers an H „ i 
preparedfrommorethantwodifferentmonome,. — re , ^ p olymere 
While describing in the present invention a polymer or internoWr 

ues are specified in the present application without giving measurement 
knownas^ndidon^andalsokno^asl^isinean, ? ' ' 

.ha, • *^'**'^^^^«>**^m***- w 
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W chain branching is defined herein as a chain length of at least l^rh 
number of carbons in th. i~ . • . Carbon less than 

roicaroons in the longest intentionally added a-olefincn mft nn m . u 
branching is define h. • comonomer, whereas short chain 

ancning is defined herein as a chain length of the same number of carbons in th, K . , 

chain branches of only 6 carbon, i„ i "* ^ but * aIso has short 

only carbons m length resulting from polymerization of 1-octene 

J- °« of these technique for long chain branch detection and the u„rf. , • 
-heones have been „e„ demented in the ,i,era,„,e, for example in ZttT OH , T* 
W.H.,J.Chem.Phy S .,VoH7n uoinium ..»..• Stocta >y«. 

Character, ,oh Wiie 1 Son^ N V T ' ^ ^ 
, jonn wuey & Sons, New York (1991), pp. 103-112 

A. Willem deGroot and P. Steve Chum, both of The Dow Chemical Cn 
October 4, 1994 conference nffh.pw , Uiemical Company, at the 

conierence of the Federation of Analytical Chemistrv and 
(FACSS) in St. Louis Missouri Tic A , ^ nemistr y and Spectroscopy Society 

; Missouri, U.S.A., presented data demonstrating that GPCDVi** a, 

techmque for quantifvina th» B urL UV 1S a useful 

substantially linear ethvlen, , 8 Chain branches in 

y iinear ethylene homopolymer samples measured using the Zimm ^ 

.be tnoiecniar weigh, ^SrV"*' "* " "* ^ " «- 

Perce,, octene in Z ™ TT , *" ^ ^ * »«* 

a^eto-I^c^^^ 

used ,„ quantify Z^^T^T *** <*» "»"* - O^-DV ^ be 
copotvnL * "~ ^'-e/Loctene 
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deGroot and Chum also showed that a plot of Loga2 Melt TnH^ , 
Los/GPr w»' u * F g ^ lz ' Meit frdex) as a function of 

Log(GPC, Weight Average Molecular Weight) as determined by GPC DV •„ ♦ 
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h contrast to the tern "substantially linear" the term >W„» . 
lacks measure o^e^e ^ J n branc ^ T" * 

>0 average of iesS than 0.0, long branched J^T ' ^ " "* " 

(i) a melt flow ratio, 110/12 £ 5.63, 

6 P yanaaetinedbytheequation:(Mw/Mn)=(I10/I2)-4 63 
shear J , „r o rs!l! 1 ~ ' 3 ^ ~ ^ ~ * - critical 

naaensitywithm 10 percent of the substantially linear ethvl^ i 
the respective critical shear rate «nf^ u * P ° lymer and wherein 

M. Shida, R.N. Shroff and L V Can^ B ! *" rhe ° meto ' S * 

a. nitrogen pressure of Zll a M " " 3 '~" <" ^ 

ftomthefoUowiuge^on ' ^ ^ ~ 8 ^ fe ^« ^Poi.e u„i te 


6139f . W = 215xl °6 dynes/cm2/(l0OO x shear rate), 
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"tee: Z15xl06dy 1KS /cm2j s ,he shear «r«.«i2sm •„,„ 
1T»m- v rtCed,ame,erofth<! ^'y(inche S ). 

-pe:;;:~^ 

relaxation time as ft. result of lo J " \ a PolymerVWalized 

«c result ot long chain branchine 99 q r*- ^ 
Proceedings, ,N Srra ™ Tec ^ * and O.W. Kn ight "ANTEC '93 

DRI values rangeftomO for ^ ymers, New Orleans, Louisiana, U.S.A., May 1993 ) 
"Ktat. In general, for low to nedi um „ . "'W), to 15 and is independent of melt 

0.5, and most especially at least 0 8 DRI can h , , ' at Ieast 

DRI can be calculated from the equation- 

25 where x< is tt „ ^ = 3652879 x ^-00649/(r,Myi'o 

ndr, are the best fit" values to the Cross equation, that is, 


W = l/(l+( y . T » 
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where n is the power law inHe^f*. 

100 rad/sec a, 19^ ^ . Gas R J^Z" V *-* "~P «* *» ai to 

to 5000 psi (6.89 to 34.5 MP a ) whfch (GER) eII,rasi °° P"*™* torn 1000 psi 

0.0^^,^^^ 

fan WC* 190'Cas require() ,„ Nations can beperformed 

w rato accommodate melt index variations. 
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surface melt fracture m<!Mi7>- u sharkskin. In this disclosure, the onset of 

(alternadngroughaudsr.oothorheHcalJto^dorudis.o^ TheX^ ^ 
^-tfrac.re.OSMP.audonsetof^ssrne,^ 

y s ngle DSC meltmg peak. The single melting peak is detehmned using a differential 
^^^^^^ K ^ 5io? 
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For polymers having a density of 0.875 e/cm3 to h Q1 n n i ' n ■ 

^emel.mgreg.onof theardfact. Such an artifact occurs withir, 34'C, , Really *L 
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unit a^pped w ifl , three ^ o|ymer ^ jq ^ . 

10 equation: °' p - 521 ( 1968 X to denve the foUowing 

M P ol y eth y ]e ne = 0.4316(Mpolystyrene). 

fo Ho Wing ::i;r e " 

Mw = 2iwi«Mi, 

weigh, of a) , M) " « 3 10 15 — - 

include in lhe Wend atZZL jT^l *— " 

do^ nfomhgrabbev ;~ A ™- 8f »lyn,e ri s higl , Iydesiredi(the 

s^utadiene/stytenetiinr " Wei8h ' «*« « ^> 

M^na.C ^"^7^ ' «P° ot a 

-^.percents^e^r^r ^.^^ ' h ~^^5 ,o 75 
derivative the™,. "™ b " M -. ^™ ot a h y<tag e„ ated 
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maleimides and any other functional group which will compatibilize the poly olefin with the 
polyamide phase. The preferred functional groups are those groups that can react with the 
polyamide or other polymeric component during melt blending, such as amines, epoxies, 
anhydrides and carboxylic acids. Typically the functionalized polyolefin is a maleated polyolefin. 
5 Maleated polyolefins are known in the art and are typically obtained by grafting maleic anhydride 
onto the polyolefin backbone. The polyolefin may be the same as or different from the rubbery 
polyolefin elastomer used as the rubbery polymer, if any. Typical maleated polyolefins include 
maleated alpha-olefins such as ethylene-octene copolymer, ethylene-hexene copolymer, ethylene- 
heptene copolymer and the like. 

10 Maleation of the polyolefin may be done by in the melt, in solution, or in the solid state, 

and the process can be either continuous or batch. Various free radical initiators, including 
peroxides and azo compounds may be used to facilitate the maleation. All of these processes are 
well know and fully described in the art. Maleating agents can include anhydrides such as maleic 
anhydride, unsaturated dicarboxylic acids such as fumaric acid or other agents listed in columns 6- 

15 7 of US-A- 5,219,940. 

The amount of polar group functionalized polyolefin employed in the blend of the present 
invention is typically from 0 to 10 weight percent based on the weight of components a), bl), b2) 
and c), preferably from 0.1 to 7, and more preferably from 1 to 5 weight percent. 

Nucleators may also be used in the blend of the present invention. Such additives are 

20 compounds capable of reducing the time required for onset of crystallization of the syndiotactic 
monovinylidene aromatic polymer or polyamide polymers upon cooling from the melt. 
Nucleators provide a greater degree of crystallinity in a molding resin and more consistent levels 
of crystallinity under a variety of molding conditions. Higher levels of crystallinity are desired in 
order to achieve increased chemical resistance. In addition crystal morphology may be desirably 

25 altered. Examples of suitable nucleators for use herein are metal salts, especially aluminum salts 
of organic acids or phosphonic acids. Especially preferred compounds are aluminum salts of 
benzoic acid and Cl-10 alkyl substituted benzoic acid derivatives. A most highly preferred 
nucleator is aluminum tris(p-tert-butyl)benzoate. The amount of nucleator used should be 
sufficient to cause nucleation and the onset of crystallization in the syndiotactic vinylaromatic 

30 polymer in a reduced time compared to compositions lacking in such nucleator. Preferred 
amounts are from 0.1 to 5 weight percent, preferably from 0.1 to 3 weight percent and most 
preferably from 0.2 to 1 weight percent based on the weight of component a). 

Additionally a reinforcing agent or filler can be used in the blend of the present invention. 
Suitable reinforcing agents include any mineral, glass, ceramic, polymeric or carbon reinforcing 

35 agent. Generally reinforcing agents are elongated, fibrous materials, having a length to diameter 
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ratio (L/D) of greater than 5.0. Fillers are substances having L/D less than 5.0. Preferred particle 
diameters of the foregoing components are from 0.1 micrometers to 1 millimeter. Preferred 
reinforcing agents are glass fibers, glass roving or chopped glass fibers having lengths from 0.1 to 
10 millimeters and L/D from 5 to 100. Suitable fillers include nonpolymeric materials designed to 
5 reduce the coefficient of linear thermal expansion of the resulting material, to provide color or 
pigment thereto, to reduce the flame propagation properties of the composition, or to otherwise 
modify the composition's physical properties. Suitable fillers include mica, talc, chalk, titanium 
dioxide, clay, alumina, silica, wollastonite, magnesium hydroxide, glass microspheres, and various 
pigments. The amount of reinforcing agent or filler employed is preferably from 10 to 50 weight 

10 percent, more preferably from 20 to 40 weight percent. 

The reinforcing agent or filler may include a surface coating of a sizing agent or similar 
coating which, among other functions, may promote adhesion between the reinforcing agent and 
the remaining components, especially the matrix, of the composition. Suitable sizing agents may 
contain amine, aminosilane, epoxy, and aminophosphine functional groups and contain up to 30 

15 nonhydrogen atoms. Preferred are aminosilane coupling agents and Cl-4 alkoxy substituted 
derivatives thereof, especially 3-aminopropyltrimethoxysilane. 

Additional additives such as blowing agents, extrusion aids, antioxidants, plasticizers, 
stabilizers, ignition resistant additives, and lubricants, may also be included in the composition in 
amounts up to 10 percent, preferably up to 5 percent, by weight, based on final composition 

20 weight. 

The blend of the present invention is typically produced by compounding all the 
components or subsets thereof, in a mixing device such as an extruder, ribbon blender, or any 
other suitable device or by the use of solution blending or other suitable technique. Desirably the 
components of the blend are melt plastified, optionally after first dry mixing the respective 

25 ingredients, and formed into the desired article, such as a molded object, film or fiber in one 
operation. This is because repeated heating of the resin, for example by first preparing 
compounded resin pellets and thereafter reextruding the compounded resin in the desired physical 
form, leads to degradation of certain components of the resin blend as well as further advancement 
of some components. For example, at temperatures required to heat plastify the syndiotactic vinyl 

30 aromatic polymer, typically from 360 to 400 °C, preferably from 365 to 385 °C, nylons, especially 
nylon 6, typically undergo further molecular weight increase through an advancement reaction, 
thereby affecting the physical properties of the resulting blend. Accordingly, in a preferred 
embodiment particularly suited for preparation of a fiber from a blend comprising from 95 to 80 
weight percent of components bl) and b2) and 5 to 20 weight percent of a syndiotactic 

35 vinylaromatic polymer resin, preferably syndiotactic polystyrene, components bl) and b2), 
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optionally in combination with one or more additional components of the blend, are desirably first 
added to an extruder in pellet form and melt plastified in a first zone of the extruder. Thereafter 
the syndiotactic vinylaromatic polymer or a blend thereof with one or more other components, or 
the remaining components of the resin blend individually are added in one or more subsequent 
5 zones of the extruder. Sufficient mixing elements are fitted to the extruder, and the polymer blend 
is worked, optionally with externally supplied heating, to raise the temperature of the blend to at 
least 360 °C, preferably a temperature from 365 to 380°C. Such heating may occur before, during 
or after the foregoing zone for addition of the syndiotactic vinylaromatic polymer. After forming 
in the foregoing manner, the resin blend may be cooled, if desired, to impart desired melt 

10 properties to the resin blend. Finally, the resin blend is expelled from the extruder and formed 
into the desired final shape. For production of fibers, the resin blend is extruded through a die to 
form a strand of the desired cross section shape and size and then drawn and optionally further 
shaped or modified such as by known physical techniques of quenching, partial quenching, 
wrinkling of the surface, sizing, differential forming, smoothing, crimping, twisting, etc. to impart 

15 the desired physical properties to the fiber. 

The following examples are provided to illustrate the present invention. The examples are 
not intended to limit the scope of the present invention and they should not be so interpreted. 
Amounts are in weight parts or weight percentages unless otherwise indicated. 

20 EXAMPLES 
Example 1 

Resin blends comprising syndiotactic polystyrene having Mw of approximately 250,000 
(Questra™ F2250, available from The Dow Chemical Company, SPS), nylon 6 (Vydyne™ 
NA215, available from Solutia, Inc.) and nylon 6,6 (Vydyne™ 50BW, available from Solutia, 

25 Inc.) are prepared using the following procedure. All samples contained (by weight) 30 percent 
glass fiber (PPG 3540, available from PPG Inc., a stabilizer package (0.25 percent phenolic 
antioxidant and 0.25 percent phosphorous stabilizer, Irganox ™ 1010 and Ultranox™ 2020, 
respectively, available from Ciba Chemicals, Inc.), 2.5 percent carbon black concentrate in 
syndiotactic polystyrene (concentrate 00064638, available from Clariant, Inc.), 0.4 percent WAX- 

30 OP, wax processing aid (available from Clariant, Inc,), 0.6 percent aluminum (p-t-butylbenzoate 
nucleator, and 3.0 percent fumaric acid modified polyphenylene oxide compatibilizer (FAPPO). 
All components are tumble blended together and compounded through a Werner Pfleiderer 
ZSK30 twin screw extruder. Barrel temperature settings of 275-280°C, 35 pounds per hour, and 
screw speed 350 rpm are used. Strands are cooled in a water bath and pelletized. Injection 
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molding is done on a Mannesmann Demag D100-275 injection molding machine with barrel 
temperatures of 305-3 15°C and mold temperature of 150°C. 

Table 1 



Runl* 

Run 2 

Run 3 

Run 4 

Run 5 

percent SPS 

31.5 

31.5 

31.5 

31.5 

31.5 

percent nylon 6 


5.0 

10.0 

15.0 

20.0 

percent nylon 6,6 

31.5 

26.5 

21.5 

16.5 

11.5 


* comparative, not an example of the invention 


The mechanical performance of the above blends is contained in Table 2. Flex, Tensile, 
DTUL, and Izod impact testing are measured using standard ASTM methods and conditions 
including ASTM D256, ASTM D638M-89 and ASTM D3764. 

Table 2 


Property 

Runl* 

Run 2 

Run 3 

Run 4 

Run 5 

Flex Strength MPa 

217.7 

221.2 

216,6 

223.0 

224.0 

Flex Modulus MPa 

10,076 

10,152 

9,959 

9,945 

9,903 

Izod kJ/m z 25°C 

14.5 

13.8 

13.2 

12.9 

12.6 

IzodkJ/m^0°C 

11.4 

11.8 

11.1 

11.7 

10.9 

DTUL°C 

243 

236 

223 

217 

209 

Tensile Strength MPa 

150.1 

150.5 

148.1 

146.3 

146.9 

Tensile Modulus MPa 

10,000 

9,952 

10,014 

9,407 

9,241 

Tensile Elongation 1 

2.1 

2.3 

2.2 

2.3 

2.5 


* comparative, not an example of the invention 
l ' percent, measured at break 


Surface roughness was analyzed via surface profilimetry by making use of a two- 
dimensional line scan performed on five different areas of each sample at a length of 5.0mm using 
a Tencor P-ll Surface Profilor (Serial number 10960163). The roughness measurements (in \im) 
are defined as: 

Ra is the arithmetic average of the deviation of absolute values of roughness profile from 
mean line measured in sampling length. 

Rq is the root-mean-squared or geometric average deviation of roughness profile from 
mean line measured in sampling length. 

Rt-is the maximum vertical excursion (peak-to-valley) within cursors measured from a line 
parallel to mean line. 

Results are presented in Table 3 and Figure 1. 
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Table3. 

Measurement Run 1* Run 2 Run 3 Run 4 Run 5 

Ra/St.dev. 1 0.053/0.016 0.050/0.014 0.031/0.008 0.028/ 0.009 0.029/0.010 

Ra minimum/max 0.036 / 0.075 0.031/0.065 0.026 / 0.046 0.018 / 0.042 0.017 / 0.044 

Rq / St. dev. 1 0.111 / 0.021 0.117 / 0.031 0.076 / 0.014 0.080 / 0.023 0.074 / 0.024 

Rq minimum/max 0.086/0.137 0.088/0.163 0.057/0.096 0.049/0.110 0.041/0.103 

Rt / St. dev. 1 1.774 / 1.775 2.171 / 0.854 1.639 / 0.448 1.580 / 0.626 1.442 / 0.383 

Rt minimum/max 1.317 / 2.333 1.265 / 3.325 1.020 / 2.015 0.978 / 2.449 0.997 / 1.757 


* comparative, not an example of the invention 
l ' standard deviation 

For this particular resin blend, molded under the indicated conditions, improved surface 
5 roughness (Ra and Rq) is observed for Nylon 6 contents greater than 5, and especially greater than 
10 weight percent. The observed decrease in Ra and Rq going from run 1 to run 5 indicates a 
trend toward smoother surfaces as the ratio of Nylon 6 to Nylon 6,6 increases. 

Example 2 

A similar blend prepared substantially according to the procedure of Example 1 but 
10 substituting nylon 6/6,6 for nylon 6,6 is prepared. Physical properties of molded articles prepared 
therefrom, including surface roughness are similar to those of Example 1. 


61396 -18- 


-19- 


CLAIMS 

1. A polymer blend comprising: 

a) a syndiotactic monovinylidene aromatic polymer, 
bl) nylon 6,6, 

5 b2) nylon 6, nylon 6/6,6 copolymer, or a mixture of nylon 6 and nylon 6/6,6 

copolymer, and 

c) a compatibilizer able to impart improved adhesion between components a), bl) 

and b2). 

2. A polymer blend according to claim 1 comprising: 

10 a) from 1.0 to 97.9 percent by weight of a syndiotactic monovinylidene aromatic 

polymer, 

bl) from 1.0 to 97.9 percent by weight of nylon 6,6, 

b2) from 1.0 to 97.9 percent by weight of nylon 6, nylon 6/6,6 copolymer, or a 
mixture of nylon 6 and nylon 6/6,6 copolymer, and 
15 c) 0.1 to 10 weight percent by weight of a compatibilizer able to impart improved 

adhesion between components a), bl) and b2). 

3. A polymer blend according to claim 1 suitable for use as a molding resin 
comprising: 

a) from 10 to 90 percent of a syndiotactic monovinylidene aromatic polymer, 
20 bl) from 10 to 60 weight percent nylon 6,6, 

b2) from 4 to 15 weight percent nylon 6 or nylon 6/6,6 copolymer, and 
c) from 0.2 to 10 weight percent of a compatibilizer able to impart improved adhesion 
between components a), bl) and b2).. 

4. A polymer blend according to any of claims 1-3 additionally comprising a filler or 
25 reinforcing agent in an amount from 0.2 to 50 weight percent. 

5. A polymer blend according to claim 4 wherein the reinforcing agent is glass fiber. 

6. A polymer blend according to claim 4 wherein the compatibilizer is a fumaric 
acid or maleic anhydride modified polyphenylene ether. 

7. A polymer blend according to claim 5 wherein the compatibilizer is a fumaric 
30 acid or maleic anhydride modified polyphenylene ether. 
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ABSTRACT OF THE DISCLOSURE 

A polymer blend suitable for preparing molded articles, fibers and films comprising: 
a) a syndiotactic monovinylidene aromatic polymer, 
bl) nylon 6,6, 

b2) nylon 6, nylon 6/6,6 copolymer, or a mixture of nylon 6 and nylon 6/6,6 
copolymer, and 

c) a compatibilizer able to impart improved adhesion between components a), bl) 

and b2). 
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Figure 1 
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